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(57) The present disclosure relates to an apparatus
for separation of myoglobin from blood by hemodialysis.
The apparatus can be used in the therapy of rhabdomy-

olysis, which goes along with the presence of elevated
levels of myoglobin in the blood serum.
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Description

Technical Field

[0001] The present disclosure relates to an apparatus
for separation of myoglobin from blood by hemodialysis.
The apparatus can be used in the therapy of rhabdomy-
olysis, which goes along with the presence of elevated
levels of myoglobin in the blood serum.

Description of the Related Art

[0002] The destruction of skeletal muscle tissue (rhab-
domyolysis) leads to the release of the breakdown prod-
ucts of damaged muscle cells into the bloodstream; some
of these breakdown products, such as myoglobin, are
harmful to the kidney and may lead to acute kidney fail-
ure.
[0003] Successful removal of serum myoglobin using
high cut-off hemodialysis (HCO-HD) has been reported
(Crit Care 9 (2005) R90-R95; N Engl J Med 361 (2009)
1411-1413). The dialyzers used comprise membranes
which in vivo allow passage of molecules having molec-
ular weights of up to 45 kDa.
[0004] Successful treatment of rhabdomyolysis re-
quires extensive removal of myoglobin from the serum
of the patient. However, the time required to achieve a
sufficient degree of removal is difficult to predict, as the
treatment is not comparable to regular hemodialysis
treatment, for which session parameters are well estab-
lished.
[0005] It would therefore be desirable to have a device
which is able to automatically determine the optimal
length of the treatment session, or to automatically reg-
ulate treatment parameters.

Summary

[0006] The present invention provides an apparatus
comprising a dialyzer capable of removing myoglobin
from the serum of a patient. The device also measures
the myoglobin level in the dialysate or filtrate, respective-
ly, leaving the dialyzer during treatment, allowing the op-
timal length of the treatment session to be determined.

Detailed Description

[0007] In one aspect of the invention, the apparatus
comprises

i) a dialyzer comprising a blood compartment and a
dialysate compartment, said compartments being
separated from each other by a membrane which in
vivo allows passage of myoglobin; and
ii) a device configured for on-line measurement of
the myoglobin level in the dialysate leaving the dia-
lyzer.

[0008] Dialyzers comprising a blood compartment and
a dialysate compartment separated from each other by
a membrane are known in the art. Examples of such di-
alyzers are plate dialyzers and capillary dialyzers. In plate
dialyzers, the separating membrane takes the form of a
sheet membrane or a stack of sheet membranes. Cap-
illary dialyzers comprise a multitude of hollow fiber mem-
branes.
[0009] An example of a capillary dialyzer suitable for
use in the apparatus of the present invention comprises
a housing defining a longitudinally extending internal
chamber including a first end and a second end; a bundle
of semipermeable hollow fiber membranes disposed
within the internal chamber, the hollow fiber membranes
extending longitudinally from the first end of the housing
to the second end of the housing, the hollow fiber mem-
branes having an outer surface, a first end and a second
end corresponding to the first end and the second end
of the internal chamber; end wall means supporting the
first and second ends of the hollow fiber membranes with-
in the internal chamber so as to sealingly separate the
first and second ends of the hollow fiber membranes from
the outer surface of the hollow fiber membranes between
the first and second ends thereof; a first inlet for the in-
troduction of a fluid into the first end of the housing, the
first inlet being defined by a first end cap covering the
first end of the housing; a first outlet for the evacuation
of a fluid from the second end of the housing, the first
outlet being defined by a second end cap covering the
second end of the housing, the first and second end caps
being applied to the first and second ends of the housing
in a fluid-tight manner; a second inlet for the introduction
of a fluid into the internal chamber at a location between
the first and second end of the housing; and a second
outlet for the evacuation of a fluid from the internal cham-
ber at a location between the first and second end of the
housing.
[0010] Dialyzers suitable for the apparatus of the
present application comprise a membrane which in vivo
allows passage of myoglobin. Such membranes show a
sieving coefficient for myoglobin, determined in accord-
ance with DIN EN 1283, of more than 0.1. In one embod-
iment, the sieving coefficient is larger than 0.5, for in-
stance, 0.8 or higher, 0.9 or higher, or even 0.95 or higher.
In order to avoid extensive loss of albumin, the sieving
coefficient for albumin determined in accordance with
DIN EN 1283, of suitable membranes is not more than
0.2, for instance, 0.15 or lower, or even 0.1 or lower.
Dialyzers suitable for use in the apparatus of the invention
are available as commercial products. Examples include
Gambro’s HCO® 1100 and Theralite® dialyzers.
[0011] The dialyzer in the apparatus of the present ap-
plication is usually operated in hemodialysis (HD) mode,
but it is also possible to use hemodiafiltration (HDF) or
hemofiltration (HF) mode.
[0012] The apparatus of the present application com-
prises a device configured for on-line measurement of
the myoglobin level in the dialysate leaving the dialyzer.
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In one embodiment, the myoglobin level in the dialysate
is measured using optical spectroscopy. The dialysate
is irradiated with light having wavelengths in the range
of from 350 to 430 nm and the light passing through the
dialysate is detected. In one embodiment, light in the
wavelength range of from 390 to 420 nm is used. The
light may be polychromatic or monochromatic. In one em-
bodiment, a light-emitting diode (LED) is used as the light
source. LEDs emitting light in this wavelength range are
commercially available, for instance, UV LEDs (380 nm),
"black light" LEDs (wavelength 400-410 nm), or violet
LEDs (wavelength 420 nm). A photosensor (photodetec-
tor) conveniently is used to measure the light that has
passed through the dialysate. Examples of suitable pho-
tosensors are photodiodes, phototransistors, and photo-
resistors (Light Dependent Resistors, LDRs).
[0013] In one embodiment of the apparatus of the
present application, the device configured for on-line
measurement of the myoglobin level in the effluent dia-
lysate comprises a flow-through measuring cell. The light
source and the photosensor are arranged on opposing
sides of the measuring cell, so that the light emitted from
the light source passes through the dialysate flowing
through the measuring cell and is detected by the pho-
tosensor. In another embodiment, the light source and
the photosensor are integrated into the jaws of a clip or
clamp which is configured to be mounted on transparent
tubing conveying the effluent dialysate. In still another
embodiment, the light source and the photosensor are
integrated into a sleeve mounted on transparent tubing
conveying the effluent dialysate. In still another embod-
iment, the light source and the photosensor form part of
a mount on the dialysis monitor configured to receive
transparent tubing conveying the effluent dialysate.
[0014] In one embodiment, the apparatus comprises

iii) a device configured to display the myoglobin level
measured on-line.

[0015] When the myoglobin level in the dialysate is
measured using optical spectroscopy, the output signal
of the photosensor, which is an indicator of the myoglobin
level, may be displayed, for instance, on a gauge, a me-
ter, a display, or a recording device. In one embodiment,
the progression of the output signal with time is recorded
and displayed.
[0016] In another embodiment, the apparatus compris-
es

iii) a device operable to determine the change with
time of the myoglobin level measured; and
iv) a device configured to display the change with
time of the myoglobin level determined.

[0017] The values measured are processed to deter-
mine the change with time of the myoglobin level in the
dialysate. An example of a suitable device for this pur-
pose is a differentiating circuit which determines the first

derivative of the signal corresponding to the measured
level. Alternatively, the derivative can be determined from
the measured values using a suitable computer program.
The result may be displayed, for instance, on a gauge,
a meter, a numerical display, or a computer monitor.
[0018] In still another embodiment, the apparatus com-
prises

iii) a device operable to determine the change with
time of the myoglobin level measured;
iv) a device operable to compare the absolute value
of the change with time of the myoglobin level deter-
mined to a predefined threshold; and
v) a device operable to provide an output signal when
the absolute value of the change with time is equal
to or smaller than the predefined threshold.

[0019] The absolute value of the change with time of
the myoglobin level is periodically or continuously com-
pared to a predefined threshold. An example of a suitable
device for this purpose is a comparator circuit. Alterna-
tively, a suitable computer program can perform this op-
eration. When the absolute value of the change with time
of the myoglobin level is smaller than the predefined
threshold, an output signal is generated. This signal in-
dicates that the treatment session can be terminated and
may be used to inform the medical personnel, to trigger
an alarm or even control the dialysis monitor to end the
dialysis session. The threshold value is selected so that
an output signal is provided when there is little or no
change in the myoglobin level in the dialysate. In one
embodiment, the threshold value is zero. The apparatus
of the invention allows for automatic determination of the
optimum duration of a rhabdomyolysis treatment. It helps
to avoid excessive length of an individual treatment ses-
sion, and at the same time ensures that a treatment ses-
sion is not terminated prematurely, i.e. before a constant
myoglobin level has been reached in the patient’s blood.
[0020] It will be understood that the features mentioned
above and those described hereinafter can be used not
only in the combination specified but also in other com-
binations or on their own, without departing from the
scope of the present invention.
[0021] The present invention will now be described in
more detail in the examples below. It is to be understood
that the examples are not intended to limit the scope of
the present invention and are merely an illustration of a
preferred embodiment of the invention.

Example

[0022] 2.5 L heparinized bovine plasma having a pro-
tein content of 61 g/L and comprising 200 mg/L myoglobin
from equine heart was circulated through the blood side
of a high cut-off dialyzer having a surface area of A=2.1
m2 (Theralite®, Gambro) at a flow rate of QB=200 mL/min.
Acetate dialysis fluid was pumped through the dialysate
side of the filter at a flow rate of QD=500 mL/min. The
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ultrafiltration rate was set to UF=0 mL/min.
[0023] Samples of dialysate and plasma were period-
ically taken and the absorbance of the samples at 410
nm wavelength was measured. The results are shown in
Table 1.

Claims

1. An apparatus comprising

(i) a dialyzer comprising a blood compartment
and a dialysate compartment, said compart-
ments being separated from each other by a
membrane which in vivo allows passage of my-
oglobin; and
(ii) a device configured for on-line measurement
of the myoglobin level in the dialysate leaving
the dialyzer.

2. The apparatus of claim 1, further comprising

iii) a device configured to display the myoglobin
level measured on-line.

3. The apparatus of claim 1, further comprising

Table 1 Myoglobin level over time in dialysate and 
plasma

Absorbance at 410 nm

t [min] Dialysate Plasma Pool

0 0.191 1.083

2 0.236 -

4 0.220 -

6 0.202 -

8 0.182 -

10 0.169 -

15 0.131 -

20 0.109 -

25 0.088 -

30 0.168 0.565

40 0.044 -

50 0.025 -

60 0.016 0.343

90 0.003 0.237

120 0.002 0.168

150 0.000 -

180 0.000 0.149

iii) a device operable to determine the change
with time of the myoglobin level measured; and
iv) a device configured to display the change
with time of the myoglobin level determined.

4. The apparatus of claim 1, further comprising

iii) a device operable to determine the change
with time of the myoglobin level measured;
iv) a device operable to compare the absolute
value of the change with time of the myoglobin
level determined to a predefined threshold; and
v) a device operable to provide an output signal
when the absolute value of the change with time
of the myoglobin level determined is equal to or
smaller than the predefined threshold.

5. The apparatus of any one of claims 1 to 4, wherein
the dialyzer shows a sieving coefficient for myoglob-
in, determined in accordance with DIN EN 1283, of
more than 0.5.

6. The apparatus of any one of claim 5, wherein the
sieving coefficient for myoglobin, determined in ac-
cordance with DIN EN 1283, is at least 0.9.

7. The apparatus of any one of claims 1 to 6, wherein
the dialyzer shows a sieving coefficient for albumin,
determined in accordance with DIN EN 1283, of not
more than 0.2.

8. The apparatus of any one of claim 7, wherein the
sieving coefficient for albumin, determined in accord-
ance with DIN EN 1283, is 0.1 or lower.

9. The apparatus of any one of claims 1 to 8, wherein
the dialyzer is a capillary dialyzer.

10. The apparatus of any one of claims 1 to 9, wherein
the device configured for on-line measurement of
the myoglobin level in the dialysate leaving the dia-
lyzer is configured to measure the myoglobin level
in the dialysate using optical spectroscopy.

11. The apparatus of claim 10, wherein the device con-
figured for on-line measurement of the myoglobin
level in the dialysate leaving the dialyzer comprises
a light-emitting diode configured to emit light in the
wavelength range of from 390 to 420 nm.

12. The apparatus of claim 11, wherein the device con-
figured for on-line measurement of the myoglobin
level in the dialysate leaving the dialyzer comprises
a photosensor configured to detect light in the wave-
length range of from 390 to 420 nm.

13. The apparatus of claim 10, wherein the device con-
figured for on-line measurement of the myoglobin
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level in the dialysate leaving the dialyzer comprises
a light-emitting diode configured to emit light in the
wavelength range of from 400 to 410 nm.

14. The apparatus of claim 13, wherein the device con-
figured for on-line measurement of the myoglobin
level in the dialysate leaving the dialyzer comprises
a photosensor configured to detect light in the wave-
length range of from 400 to 410 nm.
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